WO 2004/062042 PCT/US2003/039595 

I 

^dm/PTo 08 Jim 

SPECIFICATION 
£g gjECTOR WTTTT TTO AT mSSIPATING FEATURES 

Field of the Invention ; 

This invention is generally directed to a connector which dissipates heat 
generated from electrical loading. 

Background of th e Invention! 

As computers, servers and other electronic devices become smaller and power 
requirements increase, the need for power connectors to have a higher load carrying 
capacity is required. 

The mavinnim amount of electrical load that is allowed to pass through a 
coimector is limited, in part, to the temperature rise within the connector. The 
maximum temperature is reached when a temperature equilibrium is achieved. This 
occurs when the rate of internal heat generation due to electrical current loading 
equals the rate of heat dissipation from the connector to its surrounding environm^t. 
Prior art connectors are not designed to eflBciently dissipate heat from the coimector, 
thereby restricting the amount of load that the connector can cany. 

The present invention provides a coimector which overcomes the problems 
presented in the prior art and which provides additional advantages over the prior art, 
such advantages will become clear upon a reading of the attached specification in 
combination with a study of the drawings. 

Objects and Summary of the Invention ; 

A general object of the present invention is to provide a connector which 
dissipates heat generated from electrical cxurent loading. - 

Another general object of the present invention is to provide a connector 
which dissipates heat generated from electrical current loading by forced convection 
cooling. 

A furdier object of the present invention to provide a connector which has a 
housing that retains less heat than prior art devices. 
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Anotha: object of fhe present invention is to provide a connector which has a 
housing that is easy to manufacture by molding because it does not involve a side pull 
during molding. 

A specific object of the present invention is to provide a connector which has 
a housing that uses less material to decrease the cost of manufacture over prior art 
devices. 

Briefly, and in accordance with the foregoing, a connector includes a ribbed 
and slotted housing having at least one terminal provided between adjacent ribs. The 
housing includes first and second base walls, a central wall and a plurality of ribs 
coimected to the first and second base walls and the central wall and extending 
outwardly therefipom. The ribs are spaced ^art fiom each other such that a slot is 
defined between adjacent ribs. A least one terminal is positioned within each slot 
such lhat a large amount of the surface area of each terminal is exposed to the 
environment and air can flow over the surface area to dissipate heat &om tihie at least 
one terminal. 

Brief Description of the Drawings ; 

The organization and manner of the structure and operation of the invention, 
together with further objects and advantages thereof, may best be understood by 
reference to the following description, taken in connection with the accompanying 
drawings, wherein lil^e reference numerals idmtify like elements in which: 

FIG. 1 is a perspective view of a connector which incorporates the features of 
a first embodiment of the invention; 

FIG. 2 is a bottom plan view of the comector of FIG. 1; 

FIG. 3 is a top plan view of the connector of FIG. 1; 

FIG. 4 is a firont elevational view of the connector of FIG. 1; 

FIG. 5 is a perspective view of the connector of FIG. 1 with a portion of fhe 
housing cut away; 

FIG. 6 is a perspective view of the coimector of FIG. 1 with a portion of the 
housing cut away and with one terminal exploded therefrom; 

FIG. 7 is a perspective view of the connector of FIG. 1 with a portion of the 
housiiog cut away and with two terminals exploded therefirom; 
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FIG. 8 is a perspective view of a connector which incorporates the features of 
a second embodiment of the invention; 

FIG. 9 is a bottom plan view of the connector of FIG. 8; 

FIG. 10 is a top plan view of the connector of FIG. 8; 
5 FIG. 11 is a front elevational view of the connector of FIG. 8; 

FIG. 1 1 is a perspective view of the connector of FIG. 8 with a portion of the 
housing cut away; and 

FIG. 12 is a perspective view of the connector of FIG. 8 with a portion of the 
housing cut away and with terminals exploded therefrom. 

10 

Detailed Description of the Illustrated Embodiments : 

While the invention maybe susceptible to embodiment in different forms, 
there is shown in the drawings, and herein will be described in detail, specific 
embodiments with the understanding that the present disclosure is to be considered an 

15 exemplification of the principles of tiie invention, and is not intended to limit the 
invention to that as illustrated and described herein. 

A connector 20 which incorporates features of a first embodiment of the 
invention is shown in FIGS. 1-7. A connector 120 which incorporates features of a 
second embodiment of the invention is shown in FIGS. 8-13. 

20 Attention is invited to the connector 20 shown in FIGS. 1-7. The coxmector 20 

includes a dielectric housing 22 and a plurality of electrically conductive terminals 24 
mounted within the housing 22. While the coimector 20 is shown in the drawings 
with twenty terminals 24, it is to be understood that the connector 20 can any number 
of terminals 24, such as, for example, one hundred and sixty. 

25 As is more clearly shown in FIGS. 2, 3 and 5-7, the housing 22 includes an 

elongated first base wall 26, an elongated second base wall 28 spaced apart &om. the 
first base wall 26, and an elongated central wall 30 between, and spaced from, the 
first base wall 26 and the second base wall 28. The first base wall 26, the second base 
wall 28 and the central wall 30 are generally rectangular. The first base wall 26, the 

30 second base wall 28 and the central wall 30 are connected together at one end thereof 
by a first end wall 32 and are connected together at an opposite end thereof by a 
second end wall 34 (the second end wall 34 is cut away in FIGS. 5-7). The end walls 

3 
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32, 34 are perpendicular to fhe first base wall 26» the second base wall 28 and the 
central wall 30. 

As is best illustrated in FIGS. 2, 3 and 5-7, the central wall 30 includes a 
plurality of cutouts 36 which are spaced apart from each other along the length of the 
side of the central wall 30 that faces the first base wall 26. The c^tral wall 30 also 
includes a plurality of cutouts 38 which are spaced apart firom each other along the 
length of the side of the central wall 30 that faces the second base wall 28. 

A plurality of generally U-shaped ribs 39 extend from the first and second 
base walls 26, 28 and the central wall 30. Each rib 39 is formed from a first rib 
section 40, a second rib section 56 and a middle rib section 41 which extends between 
and connects the first rib section 40 and the second rib section 56. 

The first rib sections 40 extend from the first base wall 26. The first rib 
sections 40 are spaced apart from each other along the length of the first base wall 26. 
As is most clearly shown in FIG. 7, each first rib section 40 includes a first portion 
44, a second portion 46 and a middle portion 48. The first and second portions 44, 46 
are generally rectangular. The first portion 44 of each first rib section 40 extends 
from the first base wall 26 in a first direction and slots 50 are formed between the 
adjacent first portions 44. The second portion 46 of each first rib section 40 extends 
fix>m the first base wall 26 in a second, opposite direction, such that slots 52 are 
formed between the adjacent second portions 46. The middle portions 48 of the first 
rib sections 40 are adjacent to the first base wall 26 and abut against the side of the 
central wall 30 which faces the first base wall 26. As best illustrated in FIG. 3, this 
forms a plurality of apertures 54 between adjacent first rib sections 40, the central 
wall 30 and the first base wall 26. 

The second rib sections 56 extend &om the second base wall 28. The second 
rib sections 56 are spaced apart from each other along the length of the second base 
wall 26. Each second rib section 56 is aligned with a respective one of the first rib 
sections 40 along the length of the connector 20 and is coimected thereto by the 
middle section 41 which extends underneath the central wall 30. Each second rib 
section 56 is identically formed to the respective first rib section 40 and as best 
illustrated in FIG. 7, includes a first portion 60, a second portion 62 and a middle 
portion 64. The first and second portions 60, 62 are generally rectangular. Hie first 
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portion 60 of each second rib section 56 extends fit>m the second base wall 28 in a 
first direction and slots 66 axe formed between adjacent first portions 60. The slots 66 
are aligned with the slots 50. The second portion 62 of each second rib section 56 
extends firom the second base wall 28 in a second, opposite direction, such that slots 

5 68 are formed between adjacent second portions 62. The slots 68 are aligned with the 
slots 52. The middle portions 64 of the second rib sections 56 are adjacent to the 
second base wall 28 and abut against the side of the central wall 30 which faces the 
second base wall 28. This forms a plurality of apertures 70, as best illustrated in FIG. 
7, between adjacent second lib sections 56, the central wall 30 and the second base 

10 wall 28. The apertures 70 are aligned with the ^ertures 54. 

As best illustrated in FIGS. 5-7, each terminal 24 is seated between adjacent 
ribs 39 and includes a base portion 72, a first elongated portion 74 extending &om 
one side of the base portion 72, a second elongated portion 76 extending firom the 
same side of the base portion 72 and spaced fi-om the first elongated portion 74, a first 

1 5 pair of spaced apart mounting legs 78a, 78b extending firom the base portion 72 which 
are used to mount the terminal 24 to the central wall 30, and a second pair of spaced 
apart legs 80a, 80b extending jfrom the opposite side of the base wall 72 and which 
are used to comect the connector 20 to an associated printed circuit board (not 
shown). The first elongated portion 74 includes an enlarged contact head 82 at the 

20 firee end thereof which extends towards the second elongated portion 76. The first 
elongated portion 74 extends between the central wall 30 and the first base wall 28 
through the aperture 54 and the enlarged contact head 74 extends into the slot 50. 
The second elongated portion 76 includes an enlarged contact head 84 at the firee end 
thereof which extends towards the first elongated portion 74. The second elongated 

25 portion 76 extends between the central wall 30 and the second base wall 28 through 
the apCTture 70 and the enlarged contact head 84 extends into the slot 66. The first 
pair of legs 78a, 78b extend along the opposite sides of the central wall 30 into the 
cutouts 38 and are connected thereto by suitable means, such as barbs or the like. The 
base portion 72 is seated within the slots 52, 66 and imdemeath the central wall 30. 

30 The second pair of legs 80a, 80b extend outwardly firom the base wall 72 a distance 
which is greater than the distance the fiurst portions 44, 60 of the first and second rib 
sections 40, 56 extend. 



5 
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Preferably, two terminals 24 are provided between adjacent rib 39 and are 
spaced apart from each other within the slots SO, 52, 66, 68 and apertures 54, 70 
therebetween such that spaces are provided between tibie respective teiminals 24, the 
base walls 26, 28 and the central wall 20. If two terminals 24 are provided within the 
5 space between the adjacent rib 39, the terminals 24 have the same polarity, either 
positive or negative. This allows the connector 20 to carry more load than when a 
single terminal is used between the ribs. la addition, the two temiinals 24 provide 
two load paths and improved contact reliabiUty with the board (not shown) that is 
connected thereto. 

10 As a result of the construction of the connector 20, a significant amount of 

surface area of each terminal 24 is exposed to the environment. This allows the heat 
generated firom electrical loading to be dissipated by forced convection coolmg when 
a fan or other suitable means is used to blow air across the printed cucuit board and 
through the connector 20. In addition, due to the unique structure of the connector 

1 5 housing, the connector housing has a smaller thermal mass than conventional 

connector housings. Moreover, by virtue of not encapsulating the terminals within 
closed cavities in the housing, the terminals are better able to radiate heat to the 
outside environment, even in the absence of a fan to generate air flow across the 
exposed terminal surfaces. 

20 If only one terminal 24 is provided between adjacent rib 39 within the slots 

50, 52, 66, 68 and apertures 54, 70, spaces are also provided such that the temtiinal 24 
does not contact at least one of the adjacent ribs 39. When air is blown, the air flows 
proximate to the printed circuit board, along the legs 80a, 80b of the terminal 24, 
along the base portion 72 which is proximate to second portions 46, 62 of the rib 

25 sections 40, 56, and along the elongated portions 74, 76 which are proximate to the 
first portions 44, 60 of the rib sections 40, 56 through the spaces. This design allows 
for a large surface area of each terminal 24 to be exposed to the environment such 
that air can flow over the surface area of the terminal 24 to dissipate heat firom the 
terminal 24 and the printed circuit board by convection. Even if the spaces were not 

30 provided, because of the large siirface area of each terminal 24 which is exposed to 

the enviroDflnent on either side of the central wall 30 and between the ribs 39, air flow 
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over the sur&ce area of the terminals 24 dissipates heat firom the terminals 24 and the 
printed circuit board by forced convection cooling. 

If two terminals 24 are provided between the ribs 39, as preferred, the air 
flows proximate to the printed circuit board, along the legs 80a, 80b of the terminals 
5 24, along the base portions 72 which are proximate to second portions 46, 62 of the 
rib sections 40, 56, and along the elongated portions 74, 76 which are proximate to 
the first portions 44, 60 of the rib sections 40, 56 through the spaces. This design 
allows for a large surface area of each terminal 24 to be exposed to the enviroiiment 
such that air can flow over the sur&ce area of the terminal 24 to dissipate heat from 

10 the terminal 24 and the printed circuit board by convection. Even if the spaces were 
not provided, because of the large surface area of each terminal 24 which is exposed 
to the environment on either side of the central wall 30 and the ribs 39, air flow over 
the surfEice area of the terminals 24 dissipates heat from the terminals 24 and the 
printed circuit board by forced convection cooling. 

15 Attention is now invited to the connector 120 shown in FIGS. 8-13. The 

comiector 120 includes a dielectric housing 122 and a plurality of electrically 
conductive terminals 124 mounted within the housing 122. While the comiector 120 
is shown in the drawings Avith twenty terminals 124, it is to be understood that the 
connector 120 can any number of terminals 124, such as, for exanq>le, one himdred 

20 and sixty. 

As is more clearly shown in FIGS. 9, 10, 12 and 13, the housing 122 includes 
an elongated first base wall 126, an elongated second base wall 128 spaced apart from 
the first base wall 126, and an elongated central wall 130 between, and spaced fix>m, 
the first base wall 126 and the second base wall 128. The first base wall 126, the 

25 second base wall 128 and the central wall 130 are generally rectangular. The first 
base wall 126, the second base wall 128 and the central wall 130 are connected 
together at one end thereof by a first end wall 132 and are comected together at an 
opposite end thereof by a second end wall 134 (the second end wall 134 is cut away 
in FIGS. 12 and 13). The end walls 132, 134 are perpendicular to the first base wall 

30 126, the second base wall 128 and the central wall 130. 

A plurahty of generally L-shaped rib sections 136 extend from the first base 
wall 126 and between the first base wall 126 and the central wall 130. The L-shaped 
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rib sections 136 are spaced apart from each other. As is best illustrated in FIG. 13, 
each rib section 136 is formed from a first rib portion 138, a second rib portion 140 
and a third rib portion 142. The first rib portion 138 extends firom the first base wall 
126 in a first direction and slots 137 are formed between the adjacent first rib portions 
5 138. The second rib portion 140 extends betwem the first base wall 126 and the 

central wall 130 and is integrally formed therewith. The second rib portion 140 also 
extends firom the first base wall 126 in a second, opposite direction to that of the first 
rib portion 138. The third rib portion 142 extends firom the second rib portion 140 
and in a direction opposite to that which the first rib portion 138 extends. Slots 139 

10 are formed between fiie adjacent second rib portions 140 and third rib portions 142 
which extend in a direction opposite to that which the first rib portion 138 extends. 
As best illustrated in FIGS. 9 and 10, an aperture 143 is formed between adjacent 
second rib portions 140, the central wall 130 and the first base wall 126. 

A plurahty of generally L-shaped rib sections 144 extend firom the second 

1 5 base wall 128 and between the second base wall 128 and the central wall 130 and are 
identically formed to the ribs sections 136. The L-shaped rib sections 144 are spaced 
apart firom each other. The rib sections 144 are aligned with the respective rib 
sections 136 along the length of the connector 20. As is best illustrated in FIG, 13, 
each rib section 144 is formed from a first rib portion 148, a second rib portion 1 50 

20 and a third rib portion 152. The first rib portion 148 extends from the second base 
wall 128 in a first direction and in the same direction as tiie first ribs portion 138. 
Slots 146 are formed between the adjacent first rib portions 148. The second rib 
portion 150 extends between the second base wall 128 and the central wall 130 and is 
integrally formed therewith. The second rib portion 150 also extends fixim the second 

25 base wall 128 in a second, opposite direction to that of the first rib portion 148. The 
^md rib portion 152 extends from the second rib portion 150 and in a direction 
opposite to that which the first rib portion 148 extends. Slots 151 are formed between 
the adjacent second rib portions 150 and third rib portions 152 which extend in a 
direction opposite to that which the first rib portion 148 extends. As best illustrated 

30 in FIGS. 9 and 10, an aperture 154 is formed between adjacent second rib portions 
150, the central wall 130 and the second base wall 128. 
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In combination, the respective rib sections 136, 144 and fhe portion of tiie 
central wall 130 therebetween form a generally U-shaped rib 1S6 in a like manner to 
that of the first embodiment. 

As best illustrated in FIGS. 12 and 13, a pair of terminals 124 are seated 
5 between adjacent ribs 156 on each side of the central wall 130. Each terminal 124 

includes an elongated, curved contact portion 158 and a pair of legs 160a, 160b which 
are used to connect the coimector 20 to an associated printed circuit board (not 
shown). The contact portion 158 includes a plurality of barbs 162 which bite into the 
respective second portions 140, 150 when the terminal is mounted within the housing 

10 122. The temiinals 124 are stamped and formed. On one side of the connector 20, 
the contact portion 158 of the respective terminals 124 sits within the respective slot 
137, aperture 143 and slot 139 and the legs 160a, 160b extend &om the second and 
third rib portions 140, 142. Spaces are formed between the terminal 124, the first 
base wall 126 and the rib sections 136. On the other side of the connector 20, the 

15 contact portion 158 of the respective terminals 124 sits within the respective slot 146, 
aperture 154 and slot 151 and the legs 160a, 160b extend firom the second and third 
rib portions 150, 152. Spaces are formed between the temunal 124, the second base 
waU 128 and the rib sections 144. 

As a result of the construction of the cormector 120, a significant amount of 

20 surface area of the terminals 124 are exposed to the enviroimxent. This allows the 

heat generated &om electrical current loading by the printed circuit board (not shown) 
and the terminals 124 to be dissipated by forced convection cooling when a fan or 
other suitable means is used to blow air across the printed circuit board and through 
the coimector 120. 

25 When air is blown across the connector 120, the air flows proximate to the 

printed circuit board, along the legs 160a, 160b of the terminals 124, along the 
contact portions 158 of the terminals 122 through the spaces. This design allows for a 
large surface area of each terminal 124 to be exposed to the environment such that air 
can flow over the surface area of the terminal 124 to dissipate heat from the terminal 

30 124 and the printed circuit board by convection. Even if the spaces were not 

provided, because of the large surface area of each terminal 124 which is exposed to 
the environment on either side of the central wall 130 between the ribs 156, air flow 
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over the sur&ce airea of the terminals 124 dissipates heat from the terminals 124 and 
the prmted circuit board by forced convection cooling. 

The design of the terminals 122 with large surface area has advantages in 
Ldi/dt and loop inductance. In order to effect di/dt, large planar areas in the primary 

5 current path can help lower loop inductance if the and terminals are 

electrically coupled (i.e. in near proximity to each other). The terminals 122 are 
arranged in the sequence VO+ VO+ VO- VO-. The primary electrical current path is 
through altemating VO+ and VO-. Loop inductance is defined as Lloop = LI 1 + L22 
- 2(L12), where LI 1 and L22 is the SELF inductance of each terminal 122 and L12 is 

10 the mutual inductance be^veen the terminals 122. The goal in power delivery is to 
reduce the loop inductance. This goal is determined by the need to maintain a stable 
voltage (minimize voltage drop) as defined by the equation Vdrop = Lloop x dl/dt. 
From the Lloop equation, Lloop can be decreased by lower LI 1, lower L22, and/or 
increasmg L12. To increase mutual inductance (L12), the current carrying paths of 

15 the terminals 122 are in close proximity to each other. To decrease the self 

inductance (LI 1 and L22), the terminals 122 have a relatively large cross-sectional 
area. Combined in this connector 120, the result is an intercoimect that results in less 
of a voltage drop as compared to other comiectors in the same system. That is to say, 
the terminals 122 between adjacent ribs 156 can be a differential pair (i.e., one is a V+ 

20 and the oth^ is a V-), and that the closer the spacing between the terminals 122 that 
make up the differential pair, the lower the loop inductance that is generated by the 
differential pair. In addition to decreasing the spacing between the terminals 122 to 
reduce the loop inductance, the loop inductance can also be reduced by using 
terminals 122 that have increased surface areas. 

25 In each embodiment, because tiie housing 22, 122 is formed with ribs 39, 1 56, 

less material is used and the housing 22, 122 itself retains less heat &an prior art 
devices. In addition, because less material is used for the housing 22, 122, the 
connector 20, 120 has a decreased cost of manufacture over prior art devices. The 
housing 22, 122 is easy to manufacture by molding because it does not involve a side 

30 pull during molding. 

While preferred embodiments of the present invention are shown and 
described, it is envisioned that those skilled in the art may devise various 
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modifications of the present invention without departing from the spirit and scope of 
the sqppended claims. 
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